INTRODUCTION
The leopard (Panthera pardus) occurs throughout Africa and Asia, although their range in Africa has declined by 37% in the last century (Ray et al. 2005) . The main factors contributing to the decline in leopard distribution seem to be a combination of habitat destruction, human persecution, and prey depletion (Henschel et al. 2011 ). These activities have increased habitat fragmentation and can affect leopard behaviour through home range shifts and limited dispersal (Ngoprasert et al. 2007) .
Limited dispersal, and hindered gene flow, can decrease genetic variation and increase genetic differentiation in fragmented subpopulations due to inbreeding, genetic drift and selection (Haag et al. 2010) . Lowered genetic diversity may in turn cause reduced survival and reproduction success because of increased accumulation of deleterious mutations and increased probabilities in allele loss (Whitlock 2000; Reed & Frankham 2003; Frankham et al. 2004) .
Recent work indicates that suitable leopard habitat in South Africa has become fragmented , which could potentially lead to limited leopard dispersal and depleted genetic diversity. However, leopards are one of the most opportunistic large predators in Africa, which allows them to disperse through modified and unsuitable habitats (Marker & Dickman 2005) . Nonetheless, a recent genetic study on Indian leopards (P. pardus fusca) showed increased genetic differentiation associated with habitat fragmentation, indicating restricted dispersal (Dutta et al. 2013a ). These findings, combined with the suggested fragmentation of South African leopard habitat, highlights the importance of an understanding of leopard population structure in South Africa.
The main objective of this study was to identify genetic structuring and diversity patterns among leopard populations in South Africa to assess whether dispersal still occurs. We adapted the suitable leopard habitat map from Swanepoel et al. (2013) to delineate four core areas and we hypothesised that genetic differentiation between these leopard populations is likely to exist (Fig. 1) .
METHODS
Specimens were retrieved from museums, taxidermists and biologists, and brought to the molecular laboratory of the Department of Animal Ecology at the VU University of Amsterdam. The samples were cut and ground, cooled with nitrogen and admixed with 100 µl PBS in order to pulverize the material. For DNA extraction of skin and skull tissue, the Promega SV protocol and DNA IQ™ System bone isolation protocol were used respectively (DNA IQ™ System Database Protocol Technical Bulletin, TB297, 2009).
Polymerase chain reaction (PCR) amplification followed, for which the protein-coding NADH-5 gene (311 bp; F:GTGCAACTCCAAATAAAAG; R:GGGTCTGAGTTTATATATC) and non-coding central conserved region of the D-loop (349 bp; F:TCAACTGTCCGAAAGTGCTT; R:CCTGTG GAAGCAATAGGAATT) were used. PCR reactions (25 µl) were prepared for each sample with 13.3 µl H 2 0; 5 µl 5x GoTaq ® Flexi Reaction Buffer; 1.5 µl MgCl 2 Solution (25 mM); 2 µl dNTPs (2.5 mM each); 1 µl of each forward and reserve primer (5 µM each); 0.2 µl of GoTaq ® DNA Polymerase (5 U/µl); 0.02 µl of Pfu DNA Polymerase (Promega, 2-3 U/µl); and 1 µl of genomic DNA.
Amplification reactions were run in a Biometra T3 Thermocycler, with an initial denaturation step of 95°C for 3 min, followed by 40 cycles of denaturation at 95°C for 30 s, annealing at 53°C for 45 s, extension at 72°C for 45 s, and a final elongation step at 72°C for 10 min. The DNA yield was verified on an agarose gel. The cycle-sequencing PCRs were performed with a total volume of 10 µl, of which 1.0 µl consisted of the DNA template, 1.5 µl 5× sequencing buffer (Applied Biosystems), 1.0 µl primer (5 µM), 1.0 µl Big Dye ® ready reaction mix (Applied Biosystems) and 5.5 µl H 2 0. Cyclesequencing PCRs were run with 96°C for 1 min, 25 cycles of 96°C and 52°C for 10 s, and 60°C for 90 s. Following purification methods, PCR products were sequenced on a 16-capillary DNA Sanger Sequencer (ABI 3100).
Sequences were verified with BLAST (Basic Local Alignment Search Tool; Altschul et al. 1990) in order to edit and assemble them, using the computer program Vector NTI (Invitrogen; Lu & Moriyama 2004) . Sequences were aligned using the software of ClustalW and both markers were concatenated for further analysis. This joined fragment was analysed using the computer program MEGA (Molecular Evolutionary Genetics Analysis: Kumar et al. 1993) . Pairwise distances were computed with the Kimura 2-parameter model (Kimura 1980) , and differences among populations were tested with a one-way ANOVA in SPSS Statistics 17.0. Phylogenetic relationships of the obtained populations were calculated using neighbour-joining and maximum likelihood. Reliabilities of phylogenetic groupings were estimated by 1000 bootstrap replicates.
RESULTS
Seventeen specimens from the Western Cape and three samples from the Eastern Cape were used for DNA analyses and clustered into the southern leopard population. Twenty-one samples were successfully analysed from the Waterberg (Limpopo province) and united with three samples from the Northern Cape into the northern leopard population. Sequences from the NADH-5 fragment (311 bp) and D-loop (349 pb) were concatenated, resulting in a total of 660 base pairs when primers were cut off. A total of 146 variable sites and 541 conserved nucleotide sites were detected.
The total fragment was used to analyse the genetic distances and the coefficients of gene variation in the South African leopard populations. Because too few samples were available to compare all populations, correlation between the southern (Western and Eastern Cape) and northern leopards (Northern Cape and Limpopo) was calculated separately as a measure for genetic distance. There was a significantly (P = 0.005) higher correlation within the southern populations, which indicates that there is less genetic variation in this area.
Phylogenetic analyses were performed for the concatenated fragment, and both methods generated consistent branching patterns. The phylogenetic tree obtained from the neighbour-joining analysis (Fig. 2) illustrates bootstrap values above fifty percent along the branching patterns, as only these are reliable enough for phylogenetic inference.
The neighbour-joining tree shows no distinction between southern and northern leopards, and some leopards originating from Waterberg were found among populations from the Western Cape. Moreover, each individual exerted a unique haplotype and no identical haplotypes were shared among different leopard samples. Hence, within-population variation is substantial for both the southern and the northern leopard populations, despite the genetic distance analysis showing repressed variation among southern leopards. The difference in branching length is also an indication of high genetic diversity with regard to the NADH-5 gene locus.
DISCUSSION
Phylogenetic analyses and genetic distance analyses suggest that leopards in southern and northern South Africa are genetically homogenous. Our results thus suggest that gene flow is likely to occur between the two sampled populations, which is indicative of dispersal. However, we found that genetic distances amongst southern leopards were small compared to northern populations, which could indicate restrained gene flow. Nevertheless, lower genetic diversity can also be explained by the fact that southern populations only have one potential immigration route to maintain their diversity: from northern South Africa. Northern leopard populations, on the other hand, could potentially receive new genes from Zimbabwe, Botswana, Mozambique and the southern parts of South Africa.
Results from the phylogenetic analyses indicated very little clustering and only two of the clustered groups were supported by a bootstrapping value above 50. This suggests that all sampled leopards were more or less genetically homogenous. Our results concur with Spong et al. (2000) who found high levels of heterozygosity and no significant genetic structuring of fragmented leopard populations in Tanzania.Another explanation of population admixture might be that the relevant leopards were translocated from one location to another, which has been a common management procedure for large South African carnivores (Lindsey et al.2009 ). Dutta et al. (2013a,b) showed that leopards can be affected by habitat fragmentation and a lack of dispersal. They illustrated that despite of population admixture and high levels of genetic diversity, genetic sub-structuring still occurred. The lower genetic differences we detected among southern leopards indicates that genetic structuring in South Africa is probable. We suggest that such structuring can be due to two, not necessary mutually exclusive, reasons. Firstly, genetic isola-tion can be due to habitat loss and the associated fragmentation. Recent analysis highlighted the fragmentation of suitable leopard habitat in the southern parts of South Africa. Secondly, increased genetic isolation can also be caused by increased retaliatory killing and poorly managed trophy harvesting (Stoner et al. 2012) . The Western and Eastern Cape provinces have long histories of leopard livestock conflict (Conradie 2012 ) and a large proportion of female (35%) and subadult leopards (28%) are killed in retaliatory actions (Swanepoel et al., in press ). Poorly managed trophy harvesting (e.g. 32% of females are harvested, which is particularly detrimental to population persistence; Dalerum et al. 2008) can further impact survival rate and dispersal ability of leopard populations in South Africa (Loveridge et al. 2009 ).
Based on the results of this study population admixture seems to occur frequently enough to avoid inbreeding, the loss of genetic diversity and genetic differentiation. No populations appear to be isolated, yet the results should be interpreted cautiously because not all core areas are included in the dataset and sample sizes from most representative populations were small. Moreover, as southern populations already show clustering and increased genetic correlation, they might be on their way of becoming isolated. Our study lacked the fine-scale resolution needed to detect population structure and we suggest that future studies should aim to collect genetic data from more populations to see if nearby populations have a smaller genetic distance (Kimura & Weiss 1964 
